In this paper, we investigate the concept locating set in a graph. In particular, we characterize the locating sets in the join and corona of graphs and determine the locating numbers of these graphs.
Introduction
Let G = (V (G), E(G)) be a connected graph and u ∈ V (G). The neighborhood of u is the set N G (u) = N (u) = {v ∈ V (G) : uv ∈ E(G)}. The distance d G (u, v) in G of two vertices u and v is the length of the shortest u − v path in G. A subset S of V (G) is a locating set in a connected graph G if every two vertices u and v of V (G)\S, N G (u) ∩ S = N G (v) ∩ S. It is a strictly locating set if it is locating and N G (u) ∩ S = S for all u ∈ V (G)\S. The minimum cardinality of a locating set in G, denoted by ln (G) , is called the locating number of G. The minimum cardinality of a strictly locating set in G, denoted by sln (G) , is called the strictly locating number of G.
In a given network, locating set can be viewed as a set of monitors which can determine the exact location of an intruder (e.g. burglar, fire, etc.). The concept of locating set is studied in [1] , [2] , [4] and [5] .
Results
Remark 2.1 For any connected graph G of order n ≥ 2, 1 ≤ ln(G) ≤ n − 1.
Lemma 2.2
For any complete graph K n of order n ≥ 2, ln(K n ) = n − 1.
Theorem 2.3 Let G be a connected non-trivial graph. Then ln(G) = 1 if and only if
Proof : Suppose ln(G) = 1, say S = {v} is a minimum locating set of G. Since G is connected and non-trivial, there exists x ∈ V (G)\ {v} such that xv ∈ E(G). If |V (G)| = 2, then G = K 2 = P 2 . Suppose that
This implies that S is not a locating set, contrary to our assumption. Thus,
The converse is easy.
Theorem 2.4 Let G be a connected graph of order
Proof : Supppose that ln(G) = 2. Clearly, 3 ≤ |V (G)|. Suppose that |V (G)| > 6. Let S = {x, y} be a minimum locating set in G and let v i ∈ V (G)\S, where
Theorem 2.5 Let G be a non-trivial connected graph. Then ln(G)
Proof : Suppose that ln(G) = n − 1 and suppose further that
S is a locating set in G. It follows that ln(G) ≤ |S| = n − 2, contrary to our assumption. Therefore, G = K n . The converse follows from Lemma 2.2. 
and let w ∈ V (G)\ {x, y, z}. Consider the following cases:
Therefore, ln(G) = 2. 
Proof : Suppose that ln(G) = 2. Then there exist distinct vertices x and y of G such that S = {x, y} is a minimum locating set of G. Hence,
This implies that there exist at least two vertices say z, w such that
Since the subsets of S are ∅, {x, y} , {x} and {y} and since N G (a) ∩ S is {x, y}, the remaining two sets N G (b) ∩ S and N G (c) ∩ S are {x} and {y} or {x} and ∅ or {y} and ∅, respectively. Thus,
For the converse, suppose there exist distinct vertices x, y ∈ V (G) satisfying (i) or (ii). Let S = {x, y}. Then S is a minimum locating set in G. Therefore, ln(G) = 2.
Theorem 2.8 Let G be a connected graph of order n = 6. Then ln(G) = 2 if and only if there exist distinct vertices
Since S is a locating set and
For the converse, suppose there exist distinct vertices x, y ∈ V (G) satisfying the given properties. Let S = {x, y}. Then it is easy to show that S is a minimum locating set in G. Therefore, ln(G) = 2. 
Locating Sets in the Join of Graphs
set V (G + H) = V (G) • ∪ V (H) and edge-set E(G + H) = E(G) • ∪ E(H) ∪ {uv : u ∈ V (G), v ∈ V (H)}.
Theorem 3.1 Let G and H be connected non-trivial graphs. A set S ⊆ V (G + H) is a locating set in G + H if and only if S
Thus, S is not a locating set in G + H, contrary to our assumption. Therefore, S 1 and S 2 are locating sets in G and H, respectively. Now, suppose that both S 1 and S 2 are not strictly locating sets.
contrary to our assumption that S is a locating set. Hence, S 1 is a strictly locating set in G or S 2 is a strictly locating set in H.
For the converse, suppose that S 1 and S 2 are locating sets in G and H, respectively, and S 1 or S 2 is a strictly locating set. Let x, y ∈ V (G + H)\S with
Suppose that x ∈ V (G) and y ∈ V (H) and suppose that S 1 is a strictly locating set in G. Then S 1 N G+H (x). Since S 1 ⊆ N G+H (y), it follows that N G+H (x) ∩ S = N G+H (y) ∩ S. Therefore, S is a locating set in G + H.
Corollary 3.2 Let G and H be connected non-trivial graphs. Then ln(G + H) = min {sln(H) + ln(G), sln(G) + ln(H)} .
Proof : Let S be a minimum locating set in G + H. Let S 1 = V (G) ∩ S and S 2 = V (H) ∩ S. By Theorem 3.1, S 1 and S 2 are locating sets in G and H, respectively, where S 1 or S 2 is a strictly locating set. If S 1 is strictly locating set, then sln(G)
Thus, ln(G + H) ≥ min {sln(H) + ln(G), sln(G) + ln(H)}. Next suppose that sln(G) + ln(H) ≤ sln(H) + ln(G).
Let S 1 be a minimum strictly locating set in G and S 2 be a minimum locating set in H. Then S = S 1 ∪ S 2 is a locating set by Theorem 3. 
Hence, ln(G + H) ≤ |S| = |S 1 | + |S 2 | = sln(G) + ln(H).

Therefore, ln(G + H) = min {sln(H) + ln(G), sln(G) + ln(H)} .
Theorem 3.3 [1] Let G be a connected graph of order n ≥ 2. If ln(G) < sln(G), then 1 + ln(G) = sln(G).
Corollary 3.4 Let G be a connected non-trivial graph and let K n be a complete graph of order n ≥ 2. Then ln(G
+ K n ) = sln(G) + n − 1. Proof : Note that ln(K n ) = n − 1 and sln(K n ) = n. From Corollary 3.2, ln(G+K n ) = min {sln(G) + n − 1, ln(G) + n}. By Theorem 3.3, sln(G)−1 ≤ ln(G). Therefore, ln(G + K n ) = min {sln(G) + n − 1, ln(G) + n} = sln(G) + n − 1.
Theorem 3.5 Let H be connected non-trivial graph and let
contrary to our assumption that S is a locating set in H + K 1 . Hence, S is a strictly locating set in H. Next, suppose that S = {v} ∪ S 1 , where
For the converse, assume first that v / ∈ S and S is a strictly locating set in H.
Corollary 3.6 Let H be a connected non-trivial graph. Then
ln(H + K 1 ) = sln(H). Proof : By Theorem 3.5, ln(H + K 1 ) = min {sln(H), ln(H) + 1}. By Theorem 3.3, sln(H) − 1 ≤ ln(H). Thus, sln(H) ≤ ln(H) + 1. Therefore, ln(H + K 1 ) = sln(H).
Locating Sets in the Corona of Graphs
Let G and H be graphs of order m and n, respectively. The corona of two graphs G and H is the graph G • H obtained by taking one copy of G and m copies of H, then joining the ith vertex of G to every vertex of the ith copy of H. For every v ∈ V (G), denote by H v the copy of H whose vertices are attached one by one to the vertex v. Denote by v + H v the subgraph of the corona G • H corresponding the join {v} + H v .
Theorem 4.1 Let G and H be non-trivial connected graphs. Then S ⊆ V (G • H) is a locating set in G • H if and only if (V (G • H)\S) admits at most a single element x with
Consider the following cases: 
Suppose now that u = v. Consider the following cases: Therefore, in all cases S is a locating set in G • H.
Corollary 4.2 Let G and H be non-trivial connected graphs, where |V (G)| = m. Then mln(H) ≤ ln(G • H) ≤ msln(H).
Proof : Let S be a minimum locating set in G 
Corollary 4.3 Let G and H be non-trivial connected graphs with |V (G)| = m such that ln(H) = sln(H). Then ln(G • H) = msln(H).
